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(g) Safety tyre. 

isf) A safety tyre comprising a tread portion (5), a pair of axially spaced bead portions (3) each provided 
withi a bead core (21). a pair of sidewalls (4) extending between tlie tread edges and the bead portions 
(3), a carcass (6) extending between the bead portions (3) and turned up around the bead cores (2) to be 
secured thereto, belt reinforcements (8) including at least two plies (8A,8B) of cords disposed radially 
outside the carcass (6) and inside the tread (5). an inner sidewall (lO)disposBd on an axially inner curved 
face of the carcass (6) in each sidewall portion, characterised in that the inner sidewall tapered Is at its 
radially outer and inner edges (10B,10C) to have a crescent cross-sectional shape, the radius of the 
cun^ature (R) of the axially Inner face of the carcass In each sidewall (4) being in the range of 0.3 to 0.5 
times the section height (H) of the tyre, the total thickness (y) of each sidewall (4) portion satisfying 8ie 
following conditions : 

0.18 s x/H < 0.34 
y < X 
300 :s (x+y)'^ < 450 

v^ere 

X = the total thickness (mm) measured along a straight line drawn normal to the carcass from the axially 
outer edge of the radially Innennost belt ply, ^ ^ « 

y = the total thickness (mm) measured at the maximum section width point at which the cross sectton 

width of the tyre is maximum, 

H = the section height of the tyre, said inner sidewall (10) comprising rubber consisting of 1CM) parts ^ 
weight of a rubber compound, 40 to 60 parts by weight of carbon black whose particle diameter » 70 to 
50 nano-meters, and 3 to 8 parts by weight sulfur, wherein said njbber compound comprises 50 to 80 
parts by weight of poiybutadiene which includes 1.2-polybutadiene at not less than 75% by weight and 
whose crystallisation is not more than 15%, and 20 to 50 parts by weight of at least one kind of mbber 
selected from polyisoprene mbber, styrene-butadiene rubber. cis-1,4-polybutadlene rubber and haioge- 
nated butyl rubber. 
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The present invention relates to a pneumatic tyre and more particularly a safety lyre. 

A run flat tyre is required to have tlie ability to run continuously for a relatively long distance at a high speed 
in a deflated or punctured condition- For example, to provide for safety running on expressways, a run flat tyre 
is required to have the ability to run for a distance of more than 50 km at a speed of about 80 km/hr. 

Hitherto, a system in which a load supporting elastic member is disposed inside a tyre, and a system hi 
which an inflated tube member like a small size tyre is separately disposed Inside a tyre to fonm a douWe-dhm- 
ber structure, have been proposed. Such systems, however, have not been successful because of the 
increased weight and the resultant decrease in dynamic characteristics and the complex assembly and main- 
te nance 

It has also been proposed to Increase the sWewaH thickness and thareby to support the tyre toad under 
deflated conditions, by using a reinforcing robber layer disposed axlally Inside the carcass in each of the 
sidewalls. However, when the sidewalt thickness is simply increased, the tyre weight fs also Increased, and 
radiation of hysteresis loss generated heat is hindered which results in excessive hearing of the tyre structure 
leading to stiuotural feikjre. Also ride oortfbrt is inH)aired. On the other hand, to avoid such a thickness increase, 
if the elastic modulus of the rubber to a compressive stress is increased, its durability for the reapeated bending 
deformation is lost, and heat generation increases still further. 

It Is therefore, an object of the present invention to provide a safety tyre of whfch run flat perfonnance 
provided without the above problems. According to one aspect of the present invention, a safety tyre comprise 
a ttead porton, a pair of axlally spaced bead portions each provided with a bead core, a pair of sWewalls extend- 
ing bettween the tread edges and the bead portions, a carcass extending between the bead portions and turned 
up around the bead cores to be secured ttiereto. belt reinforcements including at least two idles of cords dis- 
posed radially outside the carcass and inside the tread, an inner sWewall disposed on an axiaUy innw cumKl 
^ce of the carcass in each sidewall portion, characterised in that the inner sWewall tapered is at Its radially 
outer and inner edges to have a crescent cross-sectional shape, the radius of the curvature of the axially inner 
f^ce of the carcass hi each sidewall being in fte range of 0.3 to 0.5 times the seoBon height (H) of tiie ^e, the 
total thidcness of each sMewali portion saHsl^i^ ttie following conditions: 

0.18 £x/H £0.34 
y <x 

300 S (X + y)"* 5 450 

where 

X = the total thfckness <mm) measured atong a straight line drawn nonnal to the carcass from the a;dally outer 

edge of the radially innermost belt ply, _ ^ _„ . .„ . 

y = the total thickness (mm) measured at the maximum sectton vridth point at which the cross sectton width of 

the lyre is maximum, 

the sectton height of the tyre, said inner sidewall comprising rubber oonsisfing of 100 parts by weight of a 
rubber oompound, 40 to 60 parts by weight of cartxm black whose particle diameter is 70 to 50 nano-meters. 
and 3 to 8 parts by weight sulfur, wherein said rubber compound comprises 50 to 80 parts by weight of 
polybutadiene which Includes 1.2-polybutadiene at not less than 75% by weight and whose ciystalBaatai is 
not more man 1 5%, and 20 to 50 parts by weight of atleast one kind of mbber selected firom polylsoprene rubber, 
stytene-butadiene rubber, ci»-1,4-polybutadiene wbber and halogenated butyl nibber. 

An embodiment of ttie present invention wfll now be described in detail by way of example only, with refer- 
ence to the accompanying drawings, in whidi: 

Fig.1 is a sectional view showing a tyre; 

Fig.2 is a sectional view showing the tyre in a deflated loaded state. 

In the figures, a safety lyre 1 has a pair of axially spaced bead portions 3 each having a bead «« Z. a 
tread portion 5. and a pair of sWewaUs 4 extending radially outwardly from the bead portions 3 to the fread edges. 

The tyre 1 had a radial tyre structure 11 comprising a toroidal carcass 6 extending between the bead por- 
tions 3 and turned up around the bead cores 2 to be secured thereto, and belt relnfctfeeiiwnts disposed radially 

""^^^'rai^ris composed of two plies 6A and SB of cords arranged radially at 60 to 90 degrees to the 
tyre equator, and the edges of each ply are turned up around the bead cores from the inside to the outside of 
the fyre to form two turned up porHons and one main portkjn therebetween. .^..11,^ 
Forthe carcass cords, steel cords and organlcfibre cortls. e.g. rayon, polyester, nylon, aramtti or the like 

can be used 

For each sidewall 4, the radius R of curvatore of the inner face of the carcass is 0.30 to 0.50 times the 
section height H of the tyre. In this example the radius is in the range of 33 mm to 50 mm. When radius is 
less than 0.30 H, the bending rigidity of the sidewaU portion decreases, and when the radius is more than 0.50 
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H, the bending ngidify Increases. 

The bett remfbrcement comprises a breaker 7 and a band 8. 

The breaker 7 is composed of two piles 7A and 7B each of parallel cords inclined with respect to the tyre 
equator so that the cords In each ply cross tfie cords In the next ply. 
5 The radially inner ply 7A is wider than the outer ply 7B. 

For the breaker cords, stell cords or high modulus organic fibre cords such as aromatic polyamide cords 
are preferably used. These may be used with low nwdulus organic fibre cords, e.g. nylon, polyester, rayon or 
the fto. 

However, the breaker may be formed only by such low modulus organic fibre cords to allow the breaker a 
10 certain defmnation or elongation according to carcass deformatk>n. 

The band 6 is disposed radially outskie the breaker 7 and extends from one edge to the other edge of the 
breaker to cover its whole width. 

The band 8 is composed of two plies 8A and 8B of parallel cords laid at a small or zero angle to the cir- 
cumferential direction, and the edges of each ply are aligned with the edges of the breaker. 
15 For the band cords, organic fibre cords, e.g. rayon, nylon, polyester orthe like are used to mitigate the shear 
stress between the relatively rigid breaker and the tread rubber and thereby to prevent separation of the breaker 
edges film the rubber. 

Further, a breaker cushion 9 made of soft rubber Is disposed between each edge of the breaker 17 and 
the carcass 6, and in each bead portion there is a bead apex made of hard rubber extending radially outwaidly 
20 and taperlngly from the bead core 2 between each carcass turned up portion and the main portion. 

The tread 5 is made of rubber and disposed radially outside the belt reinforcements 7A,7B to reinforce the 
tread portbn 5. 

The outer sklewalls comprise rubber and are disposed on the axially outer sides of the carcass 6. Also 
inner sidewalls 10 are provided made of rubber and disposed on the axially inner sides of the carcass 6. 
25 The radially outer edge D1 and inner edge D2 of each inner sidewall 1 0 are tapered so that the Inner sidewall 
has a crescent cross-sectional shape. 

The radially outward tapered portion 10B extends somewhat into the tread portion lirom the main portion 
10A, and the Inward tapered portton IOC extends to the bead portion. The radial height B of the radially inner 
edge D2 finom the bead base line L is 0.1 to 0.3 times the tyre section height H from the bead base line L, and 
3D the radial height A of the radially outer edge D1 thereof from the bead base line is 0.7 to 0.8 times the tyre 
sectk)n height H. 

Preferably, the radius RB of curvature of the Inner surface of the inner sidewall 10 Is more than the above* 
mentioned radius R of the carcass and not more than 0.50 times the tyre sedtbn height H, in this example not 
nrKMne than 50 mm. 

35 In the present Invention, the total thickness of the sidewall portion is as follows. 

The ratio x^ of a thickness x to the tyre section height H is not less than 0.18 and not more than 0.34, 
where the thickness x is measured along a straight tine N1 drawn normal to the carcass from the axially outer 
edge E of the Innermost breaker ply 7A adjacent to the carcass 6. Based on the the thidcness x (mm), a thick- 
ness y (mm) at the maximum width point F satisfies the following equations 1} and 2) 
^ y<x 1) 

300^(x + y)^^450 2) 

The above-mentioned maximum width point F is a point on the outside of the ^e sidewall portion at which 
the cross sectnn width of the tyre becomes maximum. 

Hereinafter, (x^)*^ will be refenred as the thidcness distrS)ution Index. 
49 If the thk^kness distribution Index Is less than 300, the sidewall Is liable to be folded near the belt edge E. 
On the other hand, if the index is more than 450, the sidewall is liable to be folded near the tyre maximum wklfh 
point F. In either case, the skiewall can not support the tyre load. 

in this embodiment, the tyre 1 is provided with a bead retaining system to prevent bead dislocation firom 
the wheel rim bead seats under a debated oondHk>n. 
so In each bead portion, a relafhrely thick rubber member 1 9 is shaped axially inwards of the carcass to form 
a bead toe 14. The rubber member 19 extends radially outwardly to the radially inner edge of the inner sidewall 
10 to overlap with the above-mentioned tapered portion IOC and axially outwardly to a position beneath the 
bead core to define the bead base which is tapered. 

The bead toe 14 extends radially inwardly at the axially inner end of the bead base to be Inserted Into a 
ss groove 1 6 fbnned at the axially Inner end of a tapered bead seat 1 3 of a viheei rim G. 

Further, the bead base Is provWed with a gn^ove 15 immediately axially outside the bead toe 14 and inside 
the bead ccHie 2, which groove 15 fits to a hump 17 formed in the bead seat 13 of the rim 6 for whk:h tiie tyrs 
Is designed. 
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Furthermore, in order to prevent the bead portion from being chafed by the rim, a chafer of organic fabric 
\b disposed along the profile of the bead portion, to extend from the axially inside to the outside of the bead 
portton. 

incidentally, it Is also possible to form a toe on only one of the tyre beads. 
5 The above-mentioned inner sidewall rubber consists of 100 parts by weight of a rubber compound, 40 to 

60 parts by weight of carbon black whose particle diameter is 70 to 50 nano-meters, and 3 to 8 parts by weight 
sulfur. Also, vulcanisation accelerator, age resistor, softener and the like are included. 

The rubber compound consists of 50 to 80 parte by weight of polybutadiene which includes 1 ,2-polybuta- 
diene at not less than 75 weight % and whose ciystalHsation is not more than 1 5%, and 20 to 50 parts by weight 
10 of at least one kind of rubber selected from polyisoprene rubber, slyrene-butadlene rubber, cis-1 ,4-polybuta- 
dierte rubber or a halogenated buty! rubber. 

Such polybutadiene including the 1. 2-structure can be made by the methods described in. for example 
Japanese patent Publication (KOKOKU) Nos. 44-32425, 44-32428, 46-38700 and 47-1226. 

If the 1,2-polybutadlene is less fiian 75%, the modulus of the Inner sidewall 10 becomes insufficient to rein- 

15 force the sidewall portion. 

If the crystallisation is more than 15%, the vulcanised rubber becomes excessively hard, and Its proces- 

sabillly becomes poor. 

In the above-mentioned rubber compound, if the amount of the polybutadiene is less than 50 parts by 
weight, In other woids the other ingredient Is more than 50 parts by weight, the modulus of the compound when 
20 vulcanised becomes too poor. 

If the polybutadiene is more than 80 parts by weight, the strength and elongation at bleakage of the vul- 
canised rubber compound becomes insufficient to adequately reinforce the sidewall portions of the safely tyre. 

In the above-nrentioned inner sidewall rubber, as explained above. 40 to 60 parts by weight of carbon blade 
is mixed with 1 00 parts by weight of the rubber compound. 
25 If the cart^onbladc Is less than 40 parts by weight, the reinforcing effect becomes too poor, but if it is more 
than 60 parts by weight, the elasticity decreases and processabllity is greatly lowered and the heat generation 
property becomes worse. 

From a heat generation and reinforcing effect, it is preferable for the carbon black that the Iodine number 
is not more than 80 ml/g, and the dibutyl phthalate oil absorpfion is not less than 90ml/100g. 
30 Further, In the inner sidewall mbber, 3 to 8 parts, preferably 6 to 7 parts by weight of sulfur (as the sulfur 

Itself and/or the sulfur In an organic vulcanising agent) Is mixed with 100 parts by weight of the rubber com- 
pound. 

If it is less than 3 parts by weight, the percentage of crystallisation of the vulcanised compound becomes 
excessively high, and the modulus thereof is decreased largely as the temperature increases. 
95 If it exceeds 8 parts by weight, the strength decreases rapidly, and the impact strength becomes decreased. 

For the above-mentioned organic vulcanising agent sulfur, 4,4'-dithiodimorpholine, alMthiuramdisulfide, 
alkylphenoldlsulflde or the like can be used. 

Table 1 and Table 2 show test rubber compositions and ttielr characteristics (strength, elongation at break- 
age, 100% modulus and heat generation). 
40 The strength and elongation at breakage were measured according to the methods specified In J1S-K6301 , 
and the heat generation was measured according to ASTM D623-67. 

Table 3 shows the results of comparison tests. Test tyres of size 21 5/50R14.5 having the tyre construction 
shown In Fig.1 and speclficatfons given In Table 3 were prepared and tested. 

In the test, each test tyre was mounted on its regular rim of size LT5, and installed on one of the rear wheels 
45 of a delivery van whose maximum pay load was 1 ton. The tyre was run at a speed of 80 km/Hr under a zero 
pressufB condition, and the running distance to breakage was measured. 

As shown in Table 3, It was confinned that the tyres according to the present invention had excellent run 
fiat performance. 

so 
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Claims 

5 1. A safety tyre comprising a tread portion (5), a pair of axlaily spaced beas portions (3) each provided witti 
a bead core (2), a pair of sidewalls (4) extending between the tread edges and the bead portions (3), a 
carcass (6) extending between the bead portions (3) and turned up around the bead cores (2) to be secured 
thereto, belt reinforcements (8) including at least two plies (8A,8B) of cords disposed radially outside the 
carcass (6) and inside the tread (5), an inner sidewall (lO)disposed onan axially inner curved face of the 

10 carcass (8) In each sidewali portion* characterised in that the inner sidewall Is tapered at its radially outer 
and inner edges (10B,10C) to have a crescent cross-sectional shape, the radius of the curvature (R) of 
the axially inner face of the carcass in each sidewall (4) being in the range of 0.3 to 0.5 times the section 
height (H) of the tyre, the total thickness (y) of each sidewass (4) portion satisfying the following condidons: 

0.18 ^X/H:^ 0.34 

IS y <x 

300 :S (X + y)«^ 450 

Vfhere 

X - the total thickness (mm) measured along a straight line drawn normal to the carcass from the axially 
outer edge of the radially Innermost belt ply, 
20 y - the total thk:kness (mm) measured at the maximum section width point at which the cross seiction wkith 
of the tyre is maxhnum, 
and 

H = the section height of the tyre, 

saki inner sidewali (10) comprising rubber consisting of lOOparts by weight of a rubber compound, 40 to 
25 60 parts by weight of carbon black whose particle diameter is 70 to 50 nano-meters, and 3 to 8 parts by 
weight sulfur, wherein said rubber compound comprises 50 to 80 parts by weight of pdybutadiene which 
includes 1 ,2-polybutadiene at not less than 75% by weight and whose crystallisation is not more than 15%, 
and 20 to 50 parts by weight of at ieast one kind of rubber selected form polyisoprene rubber, styrene-bu- 
tadlene rubber, cis-1,4-polybutadlene rubber and halogenated butyl rubber. 

30 

2. A tyre according to daim 1 characterised in that the radius of curvature (R) of the axially inner face of the 
carcass in each sidewall (4) being in the range of 33 to 50mm. 

3. A tyre according to claim 1 , characterised in that the the radial height (A) of the radially outer edge (D1 ) of 
3S SBid inner sidewall (1 0) from the bead base (1 3) is 0.7 to 0.8 times the tyre section height (H), and the radial 

height (B) of the radially inner edge (D2) thereof from the bead base (13) is 0.1 to 0.3 times the tyre section 
height (H). 
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FIG. 2 
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